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days preceding the survey, show a statistically significant in-
Cigarette smoking is the largest preventable risk factor for crease (from 27.5% in 1991 to 36.4% in 199T)). The preva-
morbidity and mortality in developed countries. Dramatic  lence of current smoking among adults in the United States,
changes in the prevalence of cigarette smoking in the seconddefined as smoking daily or smoking on some déiys), is now

half of this century in the United States (i.e., a reduction about 23% in women and 27% in men and is statistically
among men and an increase among women) have reducedsignificantly higher in those less than 65 years of age; in those
current smoking levels to approximately one quarter of the with 9-11 years of education; in those below the poverty thresh-
adult population and have reduced differences in smoking old; in whites, blacks, and American Indians/Alaskan Natives;
prevalence and smoking-attributable diseases between theand in military veteran$9,12—15) Projected demographic and
sexes. Current smoking in the United States is positively smoking prevalence trends suggest that the absolute number
associated with younger age, lower income, reduced educa-of current smokers in the United States, about 47 million
tional achievement, and disadvantaged neighborhood envi- individuals in 1995, will continue to increase, especially in
ronment. Daily smokers smoke cigarettes to maintain nico- those below the poverty threshold, in those with less than 13
tine levels in the brain, primarily to avoid the negative effects years of education, and in those greater than or equal to 65 years
of nicotine withdrawal, but also to modulate mood. Regular of age(9,15-18).

smokers exhibit higher and lower levels of stress and  Smoking prevalence in men worldwide is higher than it is in
arousal, respectively, than nonsmokers, as well as higherthe United States, while smoking prevalence among women
impulsivity and neuroticism trait values. Nicotine depen- worldwide is usually less than the prevalence in men, although
dence is the single most common psychiatric diagnosis in theit has equaled or exceeded that in men in some northern Euro-
United States, and substance abuse, major depression, ancbean countrie§19,20). While annual per capita cigarette con-
anxiety disorders are the most prevalent psychiatric comor- sumption has dropped in developed countries from a high of
bid conditions associated with nicotine dependence. Studiesmore than 3000 in the 1970s to about 2600 in 1990, it is in-
in twins have implicated genetic factors that explain most of creasing in developing countries (260% increase in China be-
the variability in vulnerability to smoking and in persistence tween 1970 and 1990), so that worldwide annual per capita
of the smoking phenotype. Future research into the causes of cigarette consumption has not changed substantially over the last
smoking must take into account these associated demo-25 yearg20).Because of the delayed health effects of smoking,
graphics, social factors, comorbid psychiatric conditions, morbidity and mortality in developing countries attributable to
and genetic factors to understand this complex human be- smoking have not yet surpassed those in developed countries but
havior. [J Natl Cancer Inst 1999;91:1365-75] are likely to do so in the next centufg0,21).

The study of biomarkers in smoking-attributable cancer has

concentrated on measures of exposure (i.e., cotinine, NNAL-

Cigarette smoking, hereafter referred to as “smoking,” is they, 1) qose (i.e., carcinogen—macromolecular adducts, such as
largest single risk factor for premature death in developed coypy ming biphenyl hemoglobin adducts), micronutrients (i.e.,
tries. Approximately one fifth of the deaths in the United States .5 qtene), and genetic factors that may modify these factors or
are attributable to smoking, and 28% of the smoking-attributalje.; effects(22). The investigation of such biomarkers is predi-

deaths involve lung cancer, 37% involve vascular disease, a4 on the assumption that an enhanced understanding of
26% involve other resploratory diseas@y. More than 400000 \etanglic mechanisms will help to identify susceptible groups
deaths per year and 30% of all cancers in the United States gr&qiyiduals and direct future research or prevention efforts.

attributable to smokind2). Lung cancer is the largest singleanqther group of risk factors for lung cancer and other smoking-
cause of cancer-associated morta(@yand is the most common g|5ted cancers are those that are associated with smoking, its

cause of smoking-related mortality in the United Stq#sThe hitiation, and its persistence. We will review factors associated

attributable risk from smoking for oral, pharyngeal, and €sop{y;th current and persistent smoking that have been studied by
ageal cancers is substantial,

although less than that for Iypg, o pharmacologic, epidemiologic, behavior genetic, psycho-

cancer(5,6). The attributable risk from both smoking and aICOrggic, and psychiatric perspectives. The identification of those
hol consumption accounts for the majority of both oral an

pharyngeal cancer®) and of esophageal canogt). Morbidity

and mortality attributable to smoking would decline in the future

if reductions in smoking prevalence were to be observed. How- S o _
ever, despite dramatic declines in adult male smoking prevaﬁ:ifg'lz“O”a?]fdaé‘(:‘r?;gerllle;'t‘i:o':—]g:dg;:g'e‘%ziﬁrt‘ghé'z't‘r’]':;%’;o‘;w%ancer Epi-
lence in the United Statgs observed from the 1,9603 through ﬂsleorreggondence to@\ncirew W. Bergen, Ph.D., Na’tional Instithtes of Health,
1990s (8)' the decline in current adult Sm0kmg prevalenchecutive Plaza South, Rm. 7110, Bethesda, MD 20892 (e-mail:
slowed by about 199(®), and recent surveys of current smokingergena@epndce.nci.nih.gov).

in youth, defined as cigarette use on at least one of the last 38ee‘Notes” following “References.”
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factors consistently and statistically significantly associated withat may be responsible for the acute and chronic nicotine tol-
smoking will provide biologic and social variables with which terance observed in humans and in aninfals42).
investigate mechanisms that contribute to the persistence of thisSmokers of cigarettes increase smoking intensity, smoking
behavioral phenotype. Improved understanding of these mectete, or inhalation to maintain levels of nicotine, as measured by
nisms may enable improved cancer prevention and control gfasma levels of nicotine in bothd libitum and laboratory
forts. smoking settingg43—-46).Measured nicotine levels in the arte-
rial and venous circulation indicate that individual smokers can
obtain plasma nicotine levels of 20-50 ng/ni6-48). This

The purpose of this review is to describe and evaluate demographic, psycg@ncentration range=(00-300 M) is one order of magnitude
social, and biologic factors found to show statistically significant associatiofgss than the equilibrium binding and activation concentration of
with cur'rent and per_sistent_cigarette_ smoking in order t'o make research recQIfficotine to thewdB2 receptor, the predominant nNAChR in the
mendations concerning which covariates are important in the study of the hu%in’ but is nearly equal to the effective concentration for in-

phenotype of cigarette smoking. Published English-language papers of all types. .. .
were collected over a 12-month period from October 1997 to October 1998 i'vatlon and accumulation of th@482 receptor(49,183).

use of the portion of the MEDLINE® database from 1985 to the present aNicotine absorption per cigarette has been measured both by
various combinations of the following terms: smoking, smoking cessation, eg¥aphical methods from nicotine concentration curves obtained
demiology, prevalence, nicotine, cotinine, acetylcholine, nicotinic acetylcholifeom plasma blood measuremei$) and by parametric calcu-
receptors, lung cancer, oral cancer, drug abuse and dependence, alcohol degeidn by use of stable isotope studies of nicotine to cotinine

dence, depression, twin studies, and animal model studies. Reports from WG, o rsion and nicotine and cotinine clearance values obtained
Surgeon General, monographs, and internet sites were also searched for relevant

studies and evaluated for inclusion in this review. The purpose of the search \}ﬁs'npat'em'mfus'on .StUd'e$47)j These studies SUQQeS_t that

to gather studies on the cigarette smoking phenotype from the epidemiolo§ENOKers are extracting approximately 1-2 mg of nicotine per
pharmacologic, psychiatric, and psychologic literature. Studies evaluated @igarette. The total amount of nicotine per cigarette measured by
associated factors included the following: case—control and case—case studi@mbking machines by use of human Smoking parameters of puff
demographic, genetic, psychiatric, and psychologic variables; factor analyse@ejume, duration, and frequency is about 2—3 mg per cigarette
case series; twin studies; and animal model studies. To distinguish bethgg 51) Suggesting that smokers absorb more than half of the

studies included or excluded, the criteria of sample size, validated or control 929
measures of phenotype, established analytic approaches, and reasonable IR@@ed nicotine. However, none of these methods measures the

pretation were used for evaluation. The narrative method was used to proi@e@k brain concentration of nicotine, which is presumed to be
examples of the evidence presented in the studies reviewed. The method uséli@ major pharmacologic factor that mediates reward, depen-
make research recommendations was to identify those phenotypes that whseice, and the development of tolerance. Studies of dosing
_consistentlyand statistically significantly associated with current cigarette sm@knetics in animal models demonstrate the development of
ng- higher levels of tolerance with higher peak concentrations
SMOKING AND  NICOTINE (31,52). , _ . , ,
One behavioral mechanism responsible for differences in
Addiction to nicotine has been established as the psychophaicotine consumption may be related to variation in nicotine and
macologic mechanism that maintains cigarette smoking behawetinine metabolisn{53-55).Nicotine from tobacco smoke is
ior (23). Nicotine activates the brain’s mesolimbic dopaminergiabsorbed quickly (in seconds) throughout the body on initial
reward system(24,25) and produces dependence resulting idosing (46,48) and then is eliminated with a half-life of 2-3
physical and neurobiologic withdrawal symptoms on abrupt cessurs(56). Nicotine is metabolized principally=80%) to coti-
sation (26,27). In rodent and primate animal models of drugine by cytochrome P450 2A@7,57,58)which is also respon-
addiction, once study subjects are trained in a controlled schesible for much of the metabolism of cotinii{&9) and for much
ule paradigm to avoid the aversive effects of high concentratiookthe activation of the potent tobacco smoke carcinogen NNK
of nicotine, nicotine is self-administer§d8—31).Nicotine acts (60). The typical smoker experiences a nicotine concentration
as an agonist for neuronal nicotinic acetylcholine receptonadir in the morning after overnight abstinence and then smokes
(NAChRs)—pentameric ionotropic (Naand C&") receptors to increase nicotine levels over the first few hours of the day and
found presynaptically throughout the central nervous systdmmaintain a plateau throughout the remainder of the (d&y.
(CNS) and postsynaptically in the autonomic nervous system&learance of nicotine in humans is primarily diurnal, peaking at
that modulate the release of neurotransmitters and gangliomizday, with spikes of increased clearance after meals, which is
potentials (32). After chronic nicotine treatmen{33—35), concordant with increased human smoking rates early in the day,
nAChR numbers are increased, particularly the most commionvest smoking rates in the evening, and increased smoking
NAChR type in the mammalian brain, the432 heteromer after mealg61).
(36,37).The increased numbers of NAChRs upon chronic nico- P450 2A6 activity varies approximately 50-fold in humans as
tine treatment is associated with the development of behavionaasured by analysis of protein levels and in kinetic experi-
tolerance to nicotine in animal models and is statistically sigaents with liver sample§s8,62,63).The basis for constitutive
nificantly related to intensity and duration of smoking history idlifferences in activity has been associated with variant CYP2A6
human postmortem brai(84,38).Nicotine also acts as an an-alleles encoding inactive enzyni@2,64—67) A statistically sig-
tagonist, not because the increased numbers of NAChRs arerégficantly reduced frequency of two CYP2A6 null alleles in
sociated with an increase in nAChR messenger RB#40)or nicotine (and alcohol)-dependent smoking-clinic patients versus
a change in binding parameters of nicotine to the recg@®+ never nicotine-dependent individuals and a statistically signifi-
35) but rather because of a reduction in nAChR turnover amdnt negative association with the numbers of cigarettes smoked
accumulation of nAChR at the cell surfa¢él). Short- and per week have been reporté@B). This study needs to be rep-
long-term desensitization kinetics @32 receptor suggest thatlicated in additional samples to confirm the possible role of
desensitization and inactivation are two different allosteric stateferited variation at the CYP2A6 locus in smoking behavior.

METHODS
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Misspecification of the CYP2A6 genotype because of inconpeen associated with excess dopamine after cocaine &R)se
pletely specific CYP2A6 genotyping assayl,67) may affect this suggests that the protective association with smoking status
the statistical significance of findings relating CYP2AG6 alleles tobserved may be due to normal densities of DRD2 receptors and
smoking behavior. increased synaptic dopamine that may provide some resistance
Plasma and urinary nicotine and cotinine concentrations hagenicotine dependend88). At the D4 dopamine receptor locus,
repeatedly been found to be associated with the number of ciglele DRD4.7, found previously to be associated with novelty
rettes smoked per dg$9-71).Since cotinine has a half-life anseeking and substance abuse in some case—control st9@)es
order of magnitude greater than that of nicotine, it is useful aspgs found in African-Americans, but not in Caucasian-
biomarker in smoking surveys, smoking cessation trials, and tAghericans, to be associated with smoking status, intensity, per-
assessment of exposure to environmental cigarette smef&ence, and initiation. In Caucasian-Americans, a statistically
(72,73).Interindividual variation in the conversion of nicotine tosignificant association of allele 4 of the DRD4 receptor (not
cotinine and in the clearance of cotinine may have effects @gsociated with novelty seeking) with smoking for the regulation
nicotine consumption and depender{é8). For example, coti- of mood in depressed smokers was obser{8%), suggesting
nine levels were found to be higher in African-Americans thafat the DRD4 locus may affect smoking behavior in depressed
in Caucasian-Americans or Mexican-Americans, after adjuggividuals as well as increase vulnerability to nicotine depen-
ment was made for reported cigarette smokird). While nico-  yence in some populatior(86). These preliminary candidate

ti_ne metgbolis_m was not found to be stat.istically §ignificantl ene studies need to be repeated in larger samples, in samples
different in African-Americans and Caucasian-Americans, megi similar and different ethnic origins, and in family-based

nonrenal and total metabolism (clearance) of cotinine Wag a5 to confirm the effect of these alleles on vulnerability to

shown to be S|gr_1|f|cantly lower in Afncan-Am(—:_-rlcqns than Thicotine dependence, to explore the effect in samples that differ
Qauca5|an—Amer|caf(§’4,75).(;alcu_lat|or1 of hicotine |_ntake PETin allele frequency and smoking prevalence, and to control for
cigarette on th_e basis of.the Inpatient '”fus.'of‘ StUd'e.S a}lfso Nbtential confounding in case—control samples. Future studies
cates that African-Americans absorb statistically significant

more nicotine per cigarette smoked than do Caucasia|n\_/olvmg neurobiologic candidate loci that potentially affect

Americang(75). This suggests that differences in the numbers s]moklng behavior should also emphasize the analysis of func-

cigarettes smoked among African-American and Caucasia%' )nal genetic polymorphisms or of linkage disequilibrium struc-

American smoker$76,77)may be influenced by metabolic dif- ure to identify haplotypes potentially carrying functional poly-

morphisms(94).
ferences between the groups. Genetic epidemiologic studies using the twin-study design
GENETIC FACTORS AssociATED WITH (95), where multiple genetic and environmental risk factors and
CIGARETTE SMOKING a threshold disease model are modeled by use of concordance

data in monozygotic and dizygotic twins, have estimated the

Evidence for genetic determinants affecting the smoking pheffects of genetic and environmental factors on current smoking,
notype has steadily accumulated both from studies of substasogoking initiation, and smoking persisten(@6). A reanalysis
abuse in animals and from analysis of the contributions of gef seven twin studies from Scandinavia, the United States, and
netics and personality to substance abuse in hunfa®§9). Australia estimated that a mean of 60% of the variance in risk of
Two recent linkage studies in humaf®0,81) have indicated being a current smoker in men and women is accounted for by
regions of the genome in which loci affecting nicotine depermdditive genetic effects, with most studies demonstrating statis-
dence and ever smoking may be found with further work. Howtically nonsignificant shared environment effe(@§). From the
ever, an appreciation of the neurotransmitter-related meclsame studies, the mean additive genetic effect on the liability to
nisms involved in reward circuits in the human brain hasmoking initiation (i.e., becoming a smoker) was estimated to be
suggested many candidate loci potentially associated with ni&%, with an estimated mean shared environmental effect of
tine dependencé54). The first genetic association studies inl7%. From three of the studies where data were available to
humans at dopaminergic lo82—88)have reported statistically assess the relative contributions to smoking persistence, the
significant differences in the allele frequencies between smokengan additive genetic effect was estimated to be 69%, with
and nonsmokers at markers linked to the genes coding for #tatistically nonsignificant estimated shared environmental ef-
D1, D2, and D4 dopamine receptors and at the dopamine trafessts. A recent analysis of smoking initiation and persistence
porter, consistent with the dopaminergic reward hypothesis arnong twin pairs in the Vietnam Era Twin Registry found that
nicotine dependenc9). the best-fitting model included statistically significant additive

As in some previous studies of the D2 dopamine receptor genetic factors (explaining 50% of variance in risk) and both
case—control studies of substance ab{@3, the less frequent shared (family, 30% of variance) and specific (to one twin)
allele (A1) at a genetic marker flanking the dopamine receptenvironmental factors (20% of variance) for smoking initiation.
D2 coding sequence (DRD2) was found to be at a higher fiéer smoking persistence, however, only genetic and specific
quency in the collections of smokers versus nonsmalg283). environmental factors were found to be statistically significant,
In a sample of smokers undergoing a limited smoking cessatiexplaining approximately 70% and 30% of the variation, respec-
intervention, a protective association with a particular allele (gively (97). Thus, twin studies estimate that the majority of the
lele 9) at the dopamine transporter (SLC6A3) was observed withbility to become and to remain a smoker is explained by
smoking status, age at smoking initiation, and history of quittingdditive genetic factors. A variable remaining portion of the risk
and the protective association with smoking status was strongeestimated to be related to specific environmental effects, but
in those individuals with DRD2 A2 genotypg88). Since the there is no consistent, statistically significant evidence for a
DRD2 A1 allele has been found previously to be associated wighared or common environment effect.
lower D2 receptor densitie®1) and the SLC6AS allele 9 has To assess whether the decline in smoking initiation in men
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and the increase in smoking initiation in women have led to a Personality and temperament constructs that use question-
change in the interaction of genetic and environmental effectaires to measure heritable personality dimensions quantita-
with birth cohort, three large twin studies were reanalyzed thiately, e.g., Cloninger's Tridimensional Personality Question-
covered birth cohorts from the early 1900s to the mid-1960sire (79,109), have been used to investigate personality
(98). Researchers tested heterogeneity of twin tetrachoric corteaits. Novelty seeking, extraversion, impulsivity, and neuroti-
lations across samples and across sex and found increaseccigea have been identified as the personality factors found at
netic effects in men in two of the samples compared with thagher levels among smokers than among nonsmokers
third sample; however, there was no genetic heterogeneity (3y10-113). That both dependent and nondependent smokers
age cohort(98). The modeling of age-related changes in thexhibit similarly increased sensation-seeking scores relative
effects of genetic and environmental factors in smoking initide nonsmokers suggests that, while increased sensation-
tion in adolescent twin pairs showed that genetic effects ineeking may increase liability to smoking initiation, it may
creased with age; however, shared environmental effects, whigt be related to differences in nicotine dependence among
explain the majority of variation in risk at early ages (12-16mokers.

years), were not statistically significant in early adulthd®€l). Fagerstrom and colleagues proposed an eight-question
Family studies of the relatives of substance-dependent individ@olerance Questionnaire” (FTQ) in 191814) and a revised

als ascertained in treatment settings, with control subjects tpdestionnaire(115), the Fagerstrom Test for Nicotine
cated via a random-digit-dialing protocol, suggest that there @ependence (FTND), in an attempt to provide quantitative
both general factors increasing vulnerability to substance abuistormation on nicotine dependence to assist in cessation
and specific factors increasing vulnerability to specific drugtherapy. FTQ and FTND scores have been found to show
including habitual smoking100). Family studies of the siblings statistically significant associations with biochemical
of alcoholic and nonalcoholic probands ascertained in treatmemeéasures related to the quantity of cigarettes smoked (plasma
and nontreatment settings identified the sibling’s own sex, birtticotine, plasma or urinary cotinine, and expired CO)
cohort, and comorbid substance dependence as statistically aigd are also associated with cessation outcome in trials without
nificant predictors of habitual smoking (defined as a smokingcotine replacement therag$15,116).FTQ and FTND scores
history of =20 cigarettes per day for6 months)(101). Only have not been consistently correlated with percent abstinent
habitual smoking in the proband, but not other substance abuse,the end of the placebo-controlled trials with
was a statistically significant predictor of habitual smoking inicotine-replacement therapy; when they are predictive, they ex-
siblings, suggesting a specific risk factor for nicotine depemlain only 1% of the variatior(116,117).FTND scores from
dence. population-based samples of smokers are statistically signifi-
cantly lower than scores from smokers seeking cessation help
(118).

A small fraction of active cigarette smokers are known
as chippers or nondependent smokers, defined as smoking five
or fewer cigarettes per dagl19). Compared with regular

Personality and behavioral studies have suggested why sasntokers, chippers were found to extract similar amounts
people are more likely to smoke and what smokers perceive thétnicotine per cigarette and to exhibit similar elimination
they derive from smoking tobacco. Research in motives foalf-lives of nicotine but to be statistically significantly
smoking posits a limited number of factors based on responsess nicotine dependent and to have begun their smoking
to questions concerning hypothesized reasons for sm@kDR2y careers significantly more slowl§119-121).Regular smokers
104). These factors have been constructed from psychosoaabred higher on pharmacologic smoking motive factors, and
models of various motives for smoking, such as smoking thippers scored higher on nonpharmacologic smoking motive
modify affect, smoking to relax, food substitution smoking, etéactors (122). Chippers and regular smokers both appear
(105).Investigation of the correlation structure among these hie smoke for affect management; however, unlike regular
pothesized motives for smoking provided consistent and statisnokers, chippers do not crave cigarettes and exhibit lower lev-
tically significant support for six of these factors: addictionels of smoking for stimulation and smoking to relieve negative
automatic, stimulation, psychosocial, indulgent, and sensorinaifect.
tor manipulation(105,106).Interfactor correlation analysis sug- The establishment of nicotine dependence in the American
gested that the first three factors loaded onto a second-orsychiatric Association’®iagnostic and Statistical Manual of
pharmacologic factor and the last three loaded onto a nonpheliental Disorders (DSM)third edition, represented the noso-
macologic factor(106). logic and diagnostic recognition of this drug dependefi@a).

Smokers experience self-reported increases in arousal die DSM-1II/DSM-1V diagnosis of nicotine dependence
decreases in stress after smoking cigarettes, with absolute ley@835.10) requires a minimum of three of seven diagnostic symp-
of arousal and stress peaking in midday and in the mornirtgms: tolerance, withdrawal, greater use than intended, persistent
respectively(107). Smokers experience stimulation and sedesire to quit, great amounts of time spent smoking, activities
dation simultaneously from each cigarette; however, theyen up or reduced due to smoking, and continued smoking
also experience lower equilibrium levels of arousal andespite knowledge of having a persistent physical or psycho-
higher equilibrium levels of stress than nonsmokers. Aftéogic problem with the substan¢&23,124).The DSM-1V diag-
smoking cessation, mean arousal and stress levels are increassis of nicotine withdrawal (292.0) requires four or more symp-
and reduced, respectively, suggesting that smoking cigareti@®is of eight to appear after abrupt cessation of tobacco use
may contribute to the increased stress observed in smokél@4). A diagnosis of nicotine abuse is not recognized in either
(108). the DSM-III-R or the DSM-1V, primarily because nicotine does

SMOKING MoTIVES, PERSONALITY FACTORS, AND
NicoTINE DEPENDENCE
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not meet two of the major criteria for a diagnosis of substan@okKING , PSYcHIATRIC COMORBIDITY , AND
abuse. Specifically, nicotine is not considered to produce intoXxygsTance USE

cation, and a diagnosis other than nicotine dependence would

nc_)t b_e appropriate for _maladapnve use of the subst¢ti2s). Statistically significant associations have been found in dif-
Nicotine dependence is a model for drug dependence, wh

tob king fulfills the phvsiologic. behavioral. and Wl fent young adult and adult samples between smoking and de-
obacco smoking Tullilis the physiologic, beéhavioral, and Soc ression, anxiety, and alcohol dependence. A randomized trial of
characteristics of a dependence syndrome, but it also acts

ofidine in heavy smokers provided a provocative etiologic link
gateway drug for other drugs of abude26). However, the mor- papyeen depression and smoking that led to a number of cross-

bidity and mo'rtality dge to the direct effects of tobacco smoking,tional and prospective studigs40). With the use of data
_exceed the direct or |nd|_rect effects pf other drugs of _abuse fom the 1980-1983 St. Louis (MO) NIMH-Epidemiologic
indeed, of any other single behavior on a population levelaichment Area (NIMH-ECA) Survey, ever smoking was found
(2,127).1In contrast to the FTQ/FTND, there are no explicify pe statistically significantly more prevalent in those with ma-
quantitative measures assessed in the DSM substance deRﬁrblepression and with DSM-IIl alcohol dependence (adjusted
dence criteria, which are derived from the alcohol-dependerygg major depression) than in those with no DSM-IIl diagnoses
syndrome, a gradient of the severity of dependence comprisiag1). with the use of data from the 1975 National Health and
additional behavioral elements rather than increased consurR@rtrition Examination Survey and the Center for Epidemiologic
tion per sg(128-130) Analysis of the factor structure of DSM- Studies Depression (CES-D) scores, current smoking was found
l1I-R nicotine dependence identified two factors named “generg be significantly related to CES-D scof42). In a random-
dependence” and “failed cessation,” suggesting that DSM-IlI-Rgit-dialing telephone study of Latinos, current smokers were
nicotine dependence is composed of multiple psychopharmagsund to have higher mean CES-D scores and were statistically
logic mechanisms that may differ in strength among smokesgnificantly more likely to have experienced depressive symp-
(131). toms than never smoke(443). In a smoking-cessation study
Among 15- to 54-year-old civilian, noninstitutionalizedsample, statistically significantly more smokers scored over the
Americans (n= 4414) surveyed for tobacco use in the NationalES-D cutoff for depression than in a general population
Comorbidity Survey in 1991, lifetime DSM-III-R nicotine de-sample; depressed smokers scored statistically significantly
pendence was found at a population prevalence of 26% in m@gher on the FTND than those below the CES-D cu{@#4).
and 23% in women and at a higher prevalence among at le¥&th the use of data from the 1981-1983 Durham (NC), NIMH-
one-time tobacco users, i.e., 33% among males and 31% am&@A Survey, current smoking was found to be statistically sig-
females (132). With the use of data from the 1991-199nificantly more prevalent in those with DSM-III generalizable
National Household Survey on Drug Abuse (NHSDA) datanxiety disorder and DSM-III alcohol dependence but not in
(n = 61426), of those who used cigarettes on a daily bagtsose with DSM-III depression. These findings could result from
(n = 10383), 91% experienced one or more symptoms aflack of power, since the prevalence of depression observed in
nicotine dependence; when grouped by cigarettes smoked iher Durham survey was half that seen in the St. Louis survey
day, the frequency of those reporting symptoms of depender{td5). In a sample of 21- to 30-year-old members of a health
was dose related133,134). Among middle-aged, male daily maintenance organization fa 1007), smoking was found to be
smokers (n= 1006) from the Minneapolis—St. Paul area sustatistically significantly associated with other drug dependen-
veyed in 1982, 90% were found to qualify for DSM-III nicotinecies, major depression, and anxiety disord@ré6). Further-
dependenc&135). Among ever users of tobacco, defined amore, when adjusted for the presence of depression and anxiety
those who had used tobacco at least six times=(r645), in disorders, moderate (five to six of the criteria met) but not mild
a survey from the DSM-IV field trials using clinical populationgthree to four of the criteria met) nicotine dependence was as-
in 1992 (136), 87% qualified for provisional DSM-IV nicotine sociated with a statistically significant increase in risk for all
dependence. DSM-III-R nicotine dependence occurs in 568ther drug dependencies compared with nondependent smoking
of daily smokers in an 18-year-old New Zealand sample=(n (138). Similarly, when adjusted for other drug dependencies,
321) and in 51% of daily smokers in a young-adult Michigabhoth mild nicotine dependence and moderate nicotine depen-
sample (n= 381) (137,138);however, very large samples ofdence significantly elevate risk for major depression, although
adolescent smokers have not been studied. While consumptiah for any anxiety disorde(138). In a 14-month follow-up
and dependence are statistically significantly associated for adriod in this young adult sample, the presence of major depres-
drugs of abuse, tobacco is similar to cocaine and the opiatession in current smokers resulted in an increased risk of becoming
terms of its addiction liability; i.e., most users are dependent, iimicotine dependent or to progress from mild to moderate nico-
contrast to users of alcohol, amphetamines, and cannatii® dependencyl147).
(136,184).For example, among last year users of alcohoHn  An unresolved problem in the established association be-
54998), nicotine (n= 28392), cannabis (n= 11237), and tween depression and smoking is the issue of causality, since the
cocaine (h= 3410) in a nationally representative U.S. populgotential for self-medication or precipitation of depression on
tion sample (1991-1993 NHSDA), nicotine users were statistiessation is inherent in the modulating effects of nicotine on
cally significantly more likely to be nicotine dependent (28%iMeurotransmitter systen(24). For example, tobacco smoke, but
than alcohol (5.2%), cannabis (8.2%), or cocaine (11.6%) use nicotine administration, statistically significantly reduces
(184). Also, only about 6%—-12% of current smokers are intetevels of monoamine oxidases A and B, which are essential
mittent (never daily) smokergl39); thus, the vast majority of metabolic enzymes for many neurotransmittgré8,149),sug-
cigarette smokers are daily smokers and, of these, the majoggsting that other components of tobacco smoke may have a
are nicotine-dependent smokers by DSM-III-R or DSM-IV crisubstantial effect on synaptic dopamine concentratida®).
teria. Multiple methods were used in a sample of female twins to
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assess possible causal relationships between the statistically NigS-NRC Twin Registry found two independent latent factors,
nificant and reciprocally associated diagnoses of nicotine depeme underlying heavy smoking and heavy alcohol use and one
dence and major depression in co-twins and in their familiesderlying heavy smoking and heavy coffee drinki(igh0).
(151).With the use of the co-twin control method that compareSeparate factors contributing to the comorbidity of alcohol and
observed and expected rate differences between monozygoiotine dependence and to the comorbidity of nicotine depen-
and dizygotic twins, observed concordances rejected a cau#gince and coffee drinking may reflect independent regulation of
model for one DSM-III-R diagnosis causing the other; in corthe multiple pharmacologic effects of nicotine and the paired
trast, either a noncausal family environment or a noncausal ggbstancé161).

net|§: model fits the o_bsgrved data. 'M.odellng of.genetlc aIHEMOGRAPHIC AND SoclAL ENVIRONMENT FACTORS
environmental factors indicated a statistically significant genetic

correlation between the liabilities to smoking and major depre@ND CIGARETTE SMOKING

sion, with specific environmental factors affecting the liabilities pyeyalence surveys indicate that some demographic vari-
independently and_a common environmental factor influencingessex, age, ethnicity, and socioeconomic status (SES)—are
the liability to smoking only(151). These data suggest that comgonsistently associated with cigarette smoking. Specifically,
mon genetic factors may contribute to both daily smoking anflale sex, younger age, lower SES, and lower educational at-
major depression. tainment are positively associated with current smoking preva-
The relationship between tobacco and alcohol use and abigfe, while Hispanic and Asian/Pacific Islander ethnicity is
has been the subject of comprehensive revigl#6,152,153). negatively associated with current smoking prevalence
Smoking and alcoholism are statistically significantly associatggl1,13,15,77,162) However, while the negative association be-
in population samples; e.g., 38% of ever smokers met the dafireen educational attainment and smoking prevalence is consis-
nition of DSM-III-R alcohol abuse and/or dependence verstiently observed in diverse population samples in the United
only 16% of never smokers in a young Michigan sam{i®4), States(163), some non-U.S. populations show a reverse asso-
while 20% of ever smokers met the definition of DSM-IlI-Rciation, e.g., among females in Ita{§64).
alcohol abuse and/or dependence versus only 8% of never smokh the United States, over the period from 1965 through 1994,
ers in a North Carolina NIMH-ECA sampl@45). DSM-1II-R-  current smoking prevalence among adults less than 65 years of
defined nicotine dependence and alcohol dependence were atge has decreased in every demographic category except those
tistically significantly associated with each other, with thevith less than 12 years of educati®). In those adults greater
association at the same level as that with major depression dmah or equal to 65 years of age, stable to increased rates of
anxiety, i.e., odds ratios of 2—46,154-156)A statistically current smoking are observed in those with less than 12 years of
significant association between the severity of DSM-11I-R alcaducation, in women, and in African-America(®). The quit
hol dependence (as defined by numbers of positive criteria) aradio, defined as (former smokers)/(ever smokers), has increased
nicotine dependence (as defined by FTQ score) was observediall groups; however, the rate of increase of the quit ratio has
a clinical (alcohol treatment) population where 88% of the abeen slower in adults 65 years old or older. Combined with the
cohol-dependent individuals are current smokers and 92% pafstwar demographic bulge, the absolute number of older cur-
these smokers are defined as nicotine dependent by FTQ saerg smokers continues to increase despite a long-term decrease
(157). in smoking prevalence over the 30 years from 1965 through
Modeling of the statistically significant associations betweelf94.
alcohol use disorders and nicotine dependence in a university-The relationship between SES and smoking is complex, in-
based sample followed prospectively for 7 years, with individuablving a number of related factors. The statistically signifi-
diagnostic data and family history interview data, supports botlantly increased risk of smoking prevalence in those below the
reciprocal influence and common vulnerability modél$8). poverty threshold14) is concordant with a statistically signifi-
Modeling of joint alcohol and tobacco use in a twin sampleantly increased risk for the opportunity of exposure to tobacco
consisting of two age groups found that shared environmenpaibducts over the age period 6-13 years because of neighbor-
factors are most important in early use (ages 12-16 years) dbd disadvantage, at least in Baltimore (M{@)5). In this
that genetic factors are more important in later use (ages 17-s2%ne city, reduced levels of parental monitoring [statistically
years)(99). More important, the shared correlation for the effedignificantly associated with male sex of the child, reduced ed-
of genetic factors, which explain approximately 50% of the alicational achievement, and a history of psychiatric disorder in
cohol use and 50% of the tobacco use in older adolescents amthers(166) are statistically significantly associated with in-
young adults, is nearly unity, suggesting that substantially tbeeased risk of smoking initiatio(L67). Cigarette acceptability
same genetic factors are operating in this sample to influersned accessibility were the only school and neighborhood mea-
both alcohol and tobacco ug89). With the use of the NAS- sures statistically significantly associated with cigarette smoking
NRC World War Il Twin Registry to investigate the geneticates in a study of Midwestern elementary schq@Bi3). How-
effects on multiple substance use, a twin model with a commeuwer, neighborhood disadvantage is not always associated with
genetic pathway to tobacco, alcohol, and coffee use, with im@reased rates of cigarette smoking; adjusted for attitude toward
environmental effects and separate pathways with both genatibstance use and availability (including cigarettes), neighbor-
and shared environmental effects for each substance, provitiedds with lower population density, suggesting economic ad-
the best fit to the datg159). Most of the genetic effect on vantage, had higher rates of lifetime cigarette use in this Mid-
tobacco consumption was found in the common genetic pathestern samplé168).
way, and most of the genetic effects on alcohol and coffee con-Intensive marketing of tobacco products has likely played an
sumption were found in substance-specific pathways. Regraaportant role in establishing the prevalence of smoking ob-
sion analysis of heavy consumers of the three substances indbeved today. Targeted promotion may be responsible for a men-
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thol cigarette brand being the most prevalent brand among Af:S. smoking populatiofil18) and among those with psychiat-
rican-American smokers and for brand recognition amonig comorbidity(181)suggests that smoking cessation programs
adolescent$2,169-171) Publication of a cigar-oriented maga-may be negatively affected182), as has been observed
zine, endorsement of cigar use by celebrities, and marketing(1@1,144) While it is the contamination of the nicotine delivery
high SES consumers may have reversed a 20-year declinldvice with carcinogens, carbon monoxide, and cytotoxic com-
cigar consumption, the beginning of which coincided with agsounds that is the probable source of the attributable risk from
vertising bans enacted in 1969 and 19132). smoking in cancer and cardiovascular and respiratory diseases,
There is evidence, however, that a number of social envirogn improved understanding of the neurobiologic mechanisms
mental factors, especially at the regulatory level, have begxt maintain nicotine dependence may provide the basis for
working to decrease the prevalence of smoking. Increasing $8ducing morbidity and mortality, through improved smoking
cietal disapproval of smoking since the 1964 Surgeon Generaléssation therapies. Methods to incorporate covariates known to
Report(173) has resulted in workplace regulation of smokingye significantly associated with smoking prevalence and behav-
among other antismoking sanctio(fs’4). However, a national jor including age, sex, SES, psychiatric history, and previously
survey of 1992-1993 indoor workplace smoking policies r¢jentified genetic loci, should be used in future candidate gene
pprted by workers themselves obsgrved stafus_ncally significantly,dies. Research sample design and future analyses of the
different levels of workplace smoking restrictions by sex, agémoking phenotype must address the consistent, statistically sig-
smoking status, and occupation of the workers). These dif- ificant risks due to demographic, psychiatric, and genetic fac-
ferences found between these sociodemographic factors to improve our understanding of the socioeconomic, psy-

workplace smoking restrictions pargllel dlffer_ences in smoki é)social, and neurobiologic bases of this behavior.
prevalence by sex, age, and educational attainment. Recent U.S.

Food and Drug Administration regulations and measures iﬁ—
cluded in the first states’ attorneys’ general tobacco settlemen
were designed to modify the marketing behavior of the tobaccqy) peto R, Lopez AD, Boreham J, Thun M, Heath C Jr. Mortality from
companies to susceptible youth populations and to contribute to  tobacco in developed countries: indirect estimation from national vital
smoking cessation progranis76,177).Analysis of media cam- statistics. Lancet 1992;339:1268-78.

paigns designed to reduce smoking initiation and to increasé?) Cigarette brand use among adult smokers—United States, 1986. MMWR
smoking cessation has demonstrated statistically significant as- Morb Mortal Wkly Rep 1990;39:665, 671-3. _

sociations between targeted media and reduced rates of smokifg T"aVis WD, Travis LB, Devesa SS. Lung cancer [published erratum ap-
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